IMPORTANCE Cerebral vascular territories are of key clinical importance in patients with stroke, but available maps are highly variable and based on prior studies with small sample sizes.
A ccurate knowledge of intracranial arterial territory distribution is crucial for the radiologic assessment of infarction, which subsequently narrows or widens the scope of further investigations and ultimately guides therapeutic decision making. [1] [2] [3] [4] [5] However, there is much variability in published intracranial arterial territory distributions [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] ;a seminal study by van der Zwan et al 6 investigated 50 hemispheres, demonstrating 26, 17, and 22 variations in the anterior, middle, and posterior cerebral artery (ACA, MCA, and PCA) territory, respectively. These uncertainties often confound the image-based distinction among infarcts located within an arterial territory, multiple territories, or in the border zone between arterial territories. 2, 9 There are 2 main information sources for vascular territory maps: (1) vessel injection/casting studies in anatomic specimens, 6, [14] [15] [16] and (2) clinical imaging studies. 2, 3, [8] [9] [10] [11] [12] [13] An excellent overview of vascular injection studies and microanatomical studies of cerebral blood supply by Tatu et al 1, 7 produced brain maps of cerebral arterial territories depicted in graphic form applicable to clinical neuroimaging. They also provided information on the variability of the cortical territories of the 3 main cerebral arteries by defining minimal and maximal cortical areas supplied by the ACA, MCA, and PCA. The major weaknesses of the current vascular territorial maps are (1) high variability, particularly of border zones; (2) maps were derived from only a few anatomical specimens or small sample size images and extrapolated to large populations; and (3) the specimens or images were mostly derived from younger people without ischemic disease or from people whose demographic/clinical information was not provided (eTable 1 in the Supplement). These factors make the current maps difficult to apply directly to clinical problems in an ischemic patient population.
What is needed is a modern data set that (1) can deal with variability in territories in a statistically rigorous way, (2) incorporate reasonable patient numbers, and (3) is directly applicable to the ischemic stroke patient population, in which these maps are most often clinically applied.
To address this gap in knowledge, large artery infarcts in 1160 consecutive patients were mapped to a normalized volumetric digital format. For each patient, the culprit intracranial parent vessel was clearly identifiable, allowing inferences to be drawn between the parent vessel and its vascular territory. These data are used to provide updated brain maps of the 3 main cerebral arterial territories and quantify the variability of territories and border zones, while being directly applicable to the stroke patient population.
Methods
This is a multicenter study that involved 11 academic stroke centers in Korea. From May 2011 to February 2013, we consecutively enrolled 1160 patients (eFigure in the Supplement) with acute ischemic stroke within 7 days after symptom onset who had diffusion-weighed magnetic resonance imaging (DWI MRI)-confirmed supratentorial large artery atherosclerosis (LAA) infarction owing to significant (>50%) stenosis or occlusion of a single large cerebral artery (in the absence of significant proximal stenosis or occlusion of the intracranial and extracranial carotid arteries) on MR angiography, computed tomography (CT) angiography, or conventional angiography: ACA (n = 71), MCA (n = 896), or PCA (n = 193). The institutional review boards of all participating centers approved this study. All patients or their legally authorized representatives provided written informed consent.
We mapped the 3 vascular territories individually to a standardized volumetric template, generating 3 data sets showing the frequency of infarct for each voxel by affected parent vessel. These data sets were merged to create a set of volumetric figures. We then mapped the 3 vascular territories collectively, generating a data set of Certainty Index (CI) maps to show in each voxel the fraction of ACA-, MCA-, or PCA-related infarcts as a fraction of the total large territory infarct incidence (defined as the sum of the 3 territory frequencies). We performed quantification studies, including volume (percentage) measurements of infarcts and the vascular territories and region-of-interest (ROI)-based analyses, to calculate mean CIs for a territory (vs the others) in selected cortical gyri and white matter areas.
MRI and Lesion Registration for Brain Mapping
Brain imaging was performed on 1.5-T (n = 995) or 3.0-T (n = 165) MRI systems. All scans were transferred to the Korean Brain MRI Data Center for central data storage and quantitative analysis. As previously reported, [17] [18] [19] high-signal intensity lesions on DWIs were segmented and registered onto the Montreal Neurological Institute template. The registered binary images for acute infarcts in the ACA, MCA, and PCA group of patients were used to generate voxel-based lesion frequency maps and CI maps, with vascular territories encoded by color on the maps.
Vascular Territory Mapping
A first set of lesion frequency maps was generated to display the lesion frequency in each voxel by calculating the frequencies of that voxel being involved in ACA, MCA, and PCA infarcts and by coding 3 different colors (green, red, and blue, respectively) with varying brightness levels for each color: a brighter color for a higher frequency (heatmaps). Color blending was performed for interterritorial overlap areas. The frequency maps for each infarct category were then merged to create a set of figures. A second set of frequency heatmaps without overlap areas was generated by modifying the first set of maps by (1) comparing the ACA/MCA/PCA lesion frequencies in each voxel of the inter-territorial areas and (2) allocating the voxel as the territory of a cerebral artery associated with the highest infarct frequency on the voxel. The few voxels with equal frequencies were not color-coded.
Then, CI maps were generated to reflect the likelihood of a voxel being a member of a vascular territory vs the other territories: ie, 3 CIs (for ACA/MCA/PCA infarction) at each voxel. Briefly, for each vascular territory, the infarct frequency at each voxel was divided by total frequency (sum of ACA, MCA, and PCA) for that voxel to yield a fraction, the CI. A relatively high CI for 1 vascular territory (vs 2 CIs for the other vascular territories) at a voxel indicates that most of the infarcts at that voxel are caused preferably by the territorial parent artery, suggesting definite membership in the vascular territory. A relatively low CI indicates that infarcts at that voxel location could be caused by another territorial parent vessel. Similar levels of CIs indicate that the voxel is likely located in a border zone between territories.
Next, we wanted to explore the border zones between the vascular territories and created maps to this end. For each voxel found to have nonzero frequencies of infarction, we tested for equality or near equality among the lesion frequencies of pairings of ACA, MCA, and PCA. We empirically defined near equality as a frequency difference (ie, the difference between overlapping territorial values) of each voxel not to exceed 10% of the highest value of infarct frequencies in every supratentorial voxel for all vascular territories. For the ACA-MCA pairing, a voxel was colored yellow if the condition of equality or near equality was met; for the MCA-PCA pair, the voxel was colored purple; and for the ACA-PCA pair, blue. All other voxels were left uncolored in these maps to highlight the border zones between vascular territories.
Finally, interterritory line maps based on CI differences were generated to elucidate the divisions between territories more precisely. Where vascular territorial overlap (ACA-MCA, MCA-PCA, or ACA-PCA) showed near equal frequencies (see previous paragraph), we calculated the difference between 1 CI at the voxel for 1 vascular territory and the other CI for the paired vascular territory at that voxel. The absolute value of the CI difference was color-coded to represent the relative likelihood of that voxel being a member of the vascular territory with the higher CI: green, red, and blue for the ACA-dominant, MCA-dominant, and PCAdominant border zone, respectively. In other words, we forced a choice (based on CI differences) within the known border-zone areas, causing a sharp change of color, or line, to appear, indicating where the probabilities of infarct changed from 1 parent vessel to the next. This technique accentuates small differences and forces the larger and more vague zones to show as much sharper lines of division, facilitating visualization and description, although at the expense of probably excessive precision in the territorial border lines so defined.
Qualitative and Quantitative Studies
After qualitative comparisons of vascular territories on the Tatu et al atlas 7 and our atlas by visual inspection, we performed quantitative analyses using our map data. Moreover, for easier interpretation of lesion distribution in each vascular territory, we generated additional maps ( Figure 1) showing the anatomical information (with abbreviations), which was derived from the Automated Anatomical Atlas. (Table) . Roman numerals are used for the section numbers of the Tatu et al maps, 7 whereas arabic numerals are used for those of the maps from this study. Numbers that range from 13 to 24 were chosen to retain consistency with those in the Tatu et al atlas 7 (XIII-XXIV for the supratentorial region of the brain; Figure 1 ). Visual inspection of frequency maps ( Figure 2 ) and MCA-CI maps ( Figure 3A ) indicated that the borders of the MCA territory generally extended anteriorly to superior frontal sulcus, and posteriorly to middle occipital gyrus (sections 16-21). Superiorly (sections 22-24), there was anterior involvement of middle frontal gyrus and posterior involvement of parietal lobule and angular gyrus. Inferiorly (sections [13] [14] [15] , there was anterior involvement of inferior frontal gyrus and middle frontal gyrus. Posteriorly, the MCA territory could extend to inferior occipital gyrus and middle occipital gyrus. The MCA area involved the putamen in the sections 14 to 16, the globus pallidus in the sections 15 to 17, and the insula in the sections 14 to 18.
The PCA territory included the interhemispheric surfaces of the occipital lobes (lingual gyrus, calcarine gyrus, and lower half of cuneus), the thalami, and midbrain (sections 13-19; Figures 2 and 3B) . The lateral border of the PCA territory was located lateral to frontal gyrus (section 13), extending posteriorly to inferior occipital gyrus (sections [13] [14] , and middle occipital gyrus (sections [16] [17] , and superior occipital sulcus (sections 18-19).
The ACA territory (Figures 2 and 3C ) included medial frontal gyrus and superior frontal gyrus (sections 19-24), and anterior and middle parts of the cingulate (sections 15-22) and corpus callosum (sections [16] [17] [18] [19] [20] . Moreover, the ACA territory extended posteriorly to precuneus (sections 20-24) and splenium (sections 19-20). Infarcts were infrequently observed in the orbitofrontal regions (sections [13] [14] and frontal tips (sections 15-18), which are regarded to be the ACA territory.
The most medial point for the MCA territory was the caudate. The most anterior point for the PCA territory was the an-terior thalamus. The entire interhemispheric sulcus was shared between the ACA and PCA.
Anterior cerebral artery-MCA borders in our maps largely agreed with those in the Tatu et al maps 7 ( Figures 2 and 4 ).
However, MCA-PCA borders in our maps (inferior occipital gyrus or middle occipital gyrus) lay medial to those in the Tatu et al maps (middle temporal gyrus), suggesting that the PCA territory may be narrower than previously known. The width of overlapping border zones reflecting the territorial variability ( Figure 4A ) was relatively narrow in the anterosuperior boundary (yellow areas) of the MCA territory compared with the posteroinferior boundary (purple areas). Certainty Index map-based quantitative analysis (eResults and eTable 2 in the Supplement) of anterior brain areas showed that medial frontal gyrus, superior frontal gyrus, and anterior cingulate gyrus were involved mostly by ACA infarcts, whereas middle frontal gyrus and caudate were involved mostly by MCA infarcts. In posterior brain areas, PCA infarct territory, located in lower and middle brain regions, was narrower than on currently available maps, and infarct territories in upper brain regions had a complex z-axis dependency.
Mean (SD) infarct volumes (percent per total supratentorial brain parenchyma) in the ACA, MCA, and PCA groups were respectively 0.65% (0.74%), 1.39% (2.44%), and 0.67% (1.11%). In the CI maps, the mean ACA, MCA, and PCA territorial volume percent per total supratentorial brain parenchyma were respectively 13.3%, 54.1%, and 13.8%, when a "display cutoff CI" for each territory was set as 90%. Undetermined regional volume was 20.2% (eTable 3 in the Supplement).
Discussion
This multicenter study on cerebrovascular topography is unique because, to our knowledge, it has the largest sample size ever (eTable 1 in the Supplement) and provides not only lesion frequency maps but also CI maps with probabilistic estimation of vascular territories and borders. These maps GF, fusiform gyrus; GFd, medial frontal gyrus; GFdo, orbital part of the medial frontal gyrus; GFsd, superior part of the medial frontal gyrus; GFi, inferior frontal gyrus; GFio, orbital part of the inferior frontal gyrus; GFiop, opercular part; GFit, triangularis; GFm, middle frontal gyrus; GFmo, orbital part of the middle frontal gyrus; GFs, superior frontal gyrus; GFso, orbital part of the superior frontal gyrus; GH, Heschl gyrus; GpH, parahippocampal gyrus; GL, lingual gyrus; GOi, inferior occipital gyrus; GOm, middle occipital gyrus; GOs, superior occipital gyrus; GPoC, postcentral gyrus; GPrC, precentral gyrus; GSM, supramarginal gyrus; GTs, superior temporal gyrus; GTps, temporal pole; GTi, inferior temporal gyrus; GTm, middle temporal gyrus; LPi, inferior parietal lobule; LPs, superior parietal lobule; M. Cing, middle cingulate gyrus; Olf, olfactory gyrus; P. Cing, posterior cingulate gyrus; PCL, paracentral lobule; PrCu, precuneus; Rectus, gyrus rectus; Rop, rolandic operculum; AOS, anterior occipital sulcus; CS, central sulcus; IFS, inferior frontal sulcus; IPS, intraparietal sulcus; LF, lateral fissure; MTS, middle temporal sulcus; PrCS, precentral sulcus; PoCS, postcentral sulcus; SFS, superior frontal sulcus; STS, superior temporal sulcus; TOS, temporooccipital sulcus; Am, amygdala; Ca, caudate; GP, globus pallidus; Ins, Insula; Put, putamen; SMA, supplementary motor area; SOS, superior occipital sulcus; Spl, splenium; Thal, thalamus.
Mapping the Supratentorial Cerebral Arterial Territories
Original showed that medial frontal gyrus, superior frontal gyrus, and anterior cingulate gyrus were involved mostly by ACA infarcts, whereas middle frontal gyrus and caudate were involved mostly by MCA infarcts. It was notable that PCA in- Figure 2A was modified by allocating each voxel in the overlapping areas as the territory of a cerebral artery associated with the highest infarct frequency on the voxel. The few voxels with equal or near equal frequencies were not color-coded. Maximum (max) frequencies are 23.9% (17 of 71) for the ACA (green), 14.6% (131 of 896) for the MCA (red), and 17.6% (34 of 193) for the PCA (blue). Annotations show territorial variabilities that are noted in the Tatu et al atlas. 7 The right hemispheric brain mapping is depicted on the left side of the figure. Freq indicates frequency; min, minimum.
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Mapping the Supratentorial Cerebral Arterial Territories farct territory was narrower than expected. Infarct territories in the upper posterior brain regions changed complexly with (z-axis-dependent) order. When the cutoff CI was set as 90%, the MCA territorial volume (approximately 54% of the total supratentorial volume) was about 4-fold bigger than the ACA and PCA volumes, both of which were similar (approximately 13% of the total supratentorial volume). The remaining undetermined region was about 20%, which includes not only border zones but also the areas where infarcts were infrequently observed, such as orbitofrontal regions and frontal tips, both of which are known to be the ACA territory. It has been argued that most currently available maps are difficult to interpret because of a limited number of brain sections represented and variable territorial boundaries noted. Contrary to Duret's description in 1874 14 and prevailing knowledge of vascular territory as shown in standard textbooks, numerous morphological or functional studies showed the presence of interindividual variation in the distribution of cerebral arteries. 2, 3, 6, [9] [10] [11] 13 To circumvent these constraints, the Tatu et al atlas 7 displays the maximum and minimum territories of each vascular territory. 1 However, the wide variability displayed on the atlas often restricts reliable determination of infarct territories, thus complicating the assessment of stroke mechanism and the choice of drugs to prevent recurrent stroke. According to the Tatu et al atlas, 1 infarcts in middle temporal gyrus and middle occipital gyrus (section XIX) probably belong to 2 different vascular territories, ie, MCA and PCA, respectively. However, the atlas also informs that the lesions could belong to a single vascular territory, ie, the MCA territory. Our study (eTable 2 in the Supplement) demonstrates that the mean CIs for middle temporal gyrus infarcts and middle occipital gyrus infarcts in the equivalent section to be the MCA territory are 91.7% and 82.3%, respectively, (vs 0% and 6.4% for those infarcts to be the ACA territory), greatly favoring a single territorial stroke vs a dual territorial stroke. With this probabilistic information as well as in the absence of cardioembolic source of cerebral infarction, clinicians would feel more confident with prescribing antiplatelet drugs for secondary prevention. Tatu et al 7 reported that the cortical branches of the MCA most commonly supply the area on the lateral surface of the hemisphere extending to superior frontal solcus, intraparietal sulcus, and inferior temporal gyrus. On the orbitofrontal surface, the MCA territory on their maps included the lateral orbital gyrus, which is a part of inferior frontal gyrus. Our study confirmed these findings. In addition, our maps showed that inferior temporal gyrus and inferior occipital gyrus could be involved by both MCA infarcts and PCA infarcts, although inferior occipital gyrus was involved mostly by MCA lesions. Tatu et al 7 explained that the maximum MCA area could cover the entire lateral surface of the hemisphere. 7 However, the MCA area in our study did not reach the interhemispheric fissure. Tatu et al 7 described that the cortical branches of the ACA most commonly supply the medial surface of the hemisphere extending into superior frontal sulcus and the parietooccipital sulcus. They also noted that the cortical ACA territory supplied inferior frontal sulcus. With relation to the orbitofrontal cortex, the ACA territory on their map included the medial orbital gyrus. Our study showed that inferior frontal sul- A-C, CI maps for the middle/posterior/anterior cerebral artery (MCA/ACA/PCA, respectively). CI reflects the likelihood of a voxel being a member of a specific vascular territory vs the other territories: either ACA, MCA, or PCA infarct frequency divided by total infarct frequency in each voxel. Annotations show territorial variabilities that are noted in the Tatu et al atlas. 7 Right hemispheric brain mapping is depicted on the left side. cus involved MCA infarcts, and the upper portion of posterior cingulate gyrus, which is in front of the parieto-occipital suclus, involved mostly ACA infarcts, whereas the lower portion mostly involved PCA infarcts. In addition, the orbitofrontal cortex was rarely affected by cerebral infarction. Figure 2A . Yellow, purple, and sky-blue areas, respectively, indicate the anterior cerebral artery (ACA)-middle cerebral artery (MCA), MCA-posterior cerebral artery (PCA), and ACA-PCA border zones. Each voxel in the border zones has infarct frequencies higher than 0 for at least 2 of ACA, MCA, and PCA infarction, with the frequency difference between the nonzero values being less than 10% (2.39%) of the highest lesion frequency (23.9%) among the values of all the supratentorial voxels in the 3 vascular groups. White areas that are outlined in black indicate the ACA-MCA-PCA border zone, representing the special case of triple territory overlap between all 3 vascular territories. B, Certainty Index (CI) difference maps were generated, starting with the same data as in Figure 4A , by forcing a choice for each voxel to belong to only 1 parent vessel (the one with the highest CI), and color coding it appropriately: green (ACA), red (MCA), and blue (PCA). This reduces the border zones of Figure 4A to lines defined by color transitions between territories. Such lines are easier to describe and draw than zones of transition, but should be interpreted as representative of the wider transition zones, and not as a precise clinical entity. Please note that each interface between different color areas represents a border line. Annotations show territorial variabilities that are noted in the Tatu et al atlas. 7 The right hemispheric brain mapping is depicted on the left side of the figure. doubling the sample size. Moreover, their probabilistic maps for the MCA territory were not adjusted for the other 2 main cerebral arteries (ie, ACA and PCA) that supply the adjacent territories while probably competing with the MCA in the border zone.
We investigated the topography of the 3 cerebral arteries collectively (a data set of 3-group CI maps) as well as individually (3 data sets of frequency maps) using nonflipped DWIs from a substantially larger number (n = 1160) of consecutive patients with acute LAA infarction in 1 of the ACA, MCA, or PCA territories. Our study largely confirms 3-dimensional MCA boundaries described by Phan et al 2 but at a much higher resolution. Moreover, unlike in their study, superior frontal gyrus in the upper half of the supratentorial brain was involved mostly by ACA infarcts and infrequently by MCA infarcts in our maps. This is also in discordance with the report of Tatu et al, 7 which showed that the MCA branches supply the superior frontal gyrus, and the PCA branches supply the inferomedial surfaces of the temporal and occipital lobes extending to the parieto-occipital sulcus. They also explained that the PCA area could extend as far as to superior temporal sulcus and the upper part of the precentral sulcus. 7 Our study results, on the other hand, showed that the extent of the affected PCA area was relatively small, without extending to superior temporal sulcus or precentral sulcus. It is difficult to determine the location of cortical border zones between the ACA, MCA, and PCA because of individual differences in the territories supplied by the major arteries, the development of leptomeningeal collaterals, and the anatomy of cerebral cortex. 21 In our maps, border zones are represented as overlapping lesion areas with relative lesion frequencies or CI differences displayed. The comprehensive data sets likely enable clinicians and researchers to define border zones in a customized way. The posterior border zone between the MCA and PCA areas lies mostly in middle occipital gyrus, not in middle temporal gyrus as noted in the Tatu et al atlas. 7 This finding, as well as the MCA-PCA borderline shown in the interterritory line maps based on CI differences, again demonstrates that the extent of the PCA area may be narrower than previously thought.
Limitations
A notable difficulty in studying vascular supply territories is introduced by variations of the circle of Willis anatomy. For example, in the presence of the fetal-type PCA that originates from the distal portion of the internal carotid artery, thromboembolism from the more proximal portion of the ipsilateral internal carotid artery could result in PCA territory infarction as well as MCA or ACA territory infarction. We excluded patients with significant proximal stenosis or occlusion of the ipsilesional intracranial and extracranial carotid arteries (that might give rise to ACA vs MCA ambiguity in the infarct attribution). However, some patients with significant stenosis or occlusion of the MCA or ACA could have seemingly pure anterior circulation infarcts but actually mixed anterior and posterior circulation infarcts if (1) ipsilateral fetal-type PCA is present and (2) culprit plaques are in the proximal carotid arteries despite a mild degree of stenosis (ie, <50% stenosis). Such cases might have contributed to the finding that the PCA territory looked narrower than previously known; particularly in the PCA-CI maps rather than in the PCA infarct frequency maps, because the CI was calculated in the same manner as for positive predictive value, which is influenced by the prevalence of disease (ie, voxelwise frequency of PCA infarcts vs all infarcts). Thus, further studies are required to account for the variations of the circle of Willis anatomy in the topographic mapping. What is also needed is research on territorial mapping of deep brain infarcts owing to nonsuperficial arteries (eg, tuberothalamic artery and anterior choroidal artery) as well as of infratentorial infarcts.
Conclusions
We have generated a high-resolution digital atlas of supratentorial infarction using DWIs of 1160 patients with acute LAA stroke. Despite limitations, the topographic atlas and quantitative data (eTable 2 in the Supplement) can be used to objectively define the supratentorial arterial territories and the interterritorial border using predetermined threshold criteria on the lesion frequencies or CIs. According to Tatu et al's topographic atlas 1 on arterial territories of the human brain, GFs belongs to the ACA territory, while GFm belongs to the MCA territory (sections XIII and XIV). However, the atlas also acknowledges that the MCA territory could possibly include GFs, and the ACA territory could possibly include GFm. In section XV, medial part of GFs belongs to the ACA territory, while GFm and the lateral part of GFs belong to the MCA territory. In addition, the ACA territory could also include the lateral part of GFs. In the sections XVIXIX, GFd belongs to the ACA territory, while GFs and GFm belong to the MCA territory.
However, the ACA territory could also possibly include GFs. In the sections XXXXIV, GFd and GFs belong to the ACA territory, while GFm belong to the MCA territory. However, the ACA territory could also possibly include the GFm, and the MCA territory could also possibly include the lateral half of GFs.
Our study (Figure 3 ; eTable 2) showed that GFm in the sections 14~24 was mostly involved by MCA Quantitative Analysis of Posterior Brain Areas: PCA infarct territory, located in lower and middle brain regions, was narrower than on currently published maps, and infarct territories in upper brain regions had a complex z-axis dependency.
Sections 1315
According to Tatu et al.'s atlas, 1 GTi and posterior brain areas belong to the PCA territory (sections XIIIXV), whereas anterior brain areas belong to the MCA territory. Moreover, the PCA territory could possibly include GTs (section XV) and GTm as well as GOm (section XIV) and GOi (section XV). On the other hand, the MCA territory could possibly include GF (section XIII), GOm (section XIV), and GOi (section XV).
Our study ( Figure 3 , eTable 2) showed that GTs and GTm were involved predominantly by MCA infarcts (84.8~88.2% and 90.7~93.6%, respectively), and rarely by PCA infarcts (0~0.5% and 0.1~2.9%, respectively). The genuine PCA infarct territory was narrower than expected, being mostly restricted to the GL and Cal.
As shown in Figure 4B (inter-territory line maps based on CI-differences), the MCA-PCA border line that formed between the red-colored MCA-dominant areas and blue-colored PCA-dominant areas extended anteriorly from the GOi (or GOm) area towards uncal areas, along the white matter region between the lateral and medial temporal areas.
Sections 16~19
According to Tatu et al.'s atlas, 1 GOm and the brain areas posterior to it belong to the PCA territory, whereas anterior brain areas belong to the MCA territory. Moreover, the PCA territory could possibly include GTm and GOm. On the other hand, the MCA territory could possibly include (even) Cu. In the sections XVIII, the ACA territory could possibly involve P. Cing and anterior part of Cu, with the ACA-PCA border formed between P.
Cing and Cu.
Our study ( Figure 3 ; eTable 2) showed that mostly MCA infarcts involved GTm and GOm (with their mean CIs ranging from 89.4 to 96.6% and from 71.8 to 82.3%, respectively), which PCA infarcts involved rarely (0~0.1% for GTm) or less frequently (6.4~15.9% for GOm). On the other hand, GOs was more often involved by PCA infarcts (53.6~89.4%) vs. MCA infarcts (10.6~31.4%). Moreover, PCA infarcts involved Cu (82.2~85.3%) and PrCu (71.4~99.0%) almost exclusively, compared with MCA infarcts (2.5~9.5% and 0~3.5%, respectively) and ACA infarcts (0% and 0~1.6%, respectively).
In section 17, P. Cing was involved exclusively by PCA infarcts (78.6%). In the sections 18 and 19, mostly PCA infarcts involved P. Cing (78.5% and 47.5%, respectively), however ACA infarcts could also involve P. Cing, although infrequent (6.2% and 10.6%, respectively). In contrast, as was noticed in the visual inspection study, A. Cing was exclusively involved by ACA infarcts (66.6~90.2%).
In (see the below). MCA infarcts rarely involved the splenium (1.2~3.7%).
The genuine PCA territory was again narrower than expected, being mostly restricted to the Cal/Gos/Cu areas. The MCA-PCA border-line extended anteriorly from GOm or GOs (or SOS) areas to the posterior horn of the lateral ventricle ( Figure 4B ).
Sections 2024
According to Tatu et al.'s atlas, 1 Cu and PrCu belong to the ACA territory, whereas the brain areas anterior to them belong to the MCA territory. However, the MCA and PCA territories could also possibly include Cu Our study ( Figure 3 ; eTable 2) showed that ACA infarcts rarely involved Cu (0.7~5.3% 
